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S U M M A R Y  -- 

The r e s u l t s  are given of inves t iga t ion  by d i r e c t  phase method 
of polar iza t ion  phenomena at radiowave r e f l e c t i o n  from meteor trails. 
A method is proposed of polarieation phenomenon indica t ion  during obeer- 
va t ions  of drifts of meteor trails, The observed effect  of resonance dura- 
t i o n  increase at  passage t o  denser t ra i ls  is evidence against the theory 
of %e ta l l ic"  resonance . 

, 

If t h e  magnetic f i e l d  of the Earth is the cause of anisotropy in 
t r a i l s  providing prolonged r e f l ec t ions ,  the trail's s t ruc tu re  must be 

lvlooserll than that  occurring in case of s t r i c t l y  ambipolar d i f fus ion  in 

the meteor trail .  

* 
* 

A considerable a t ten t ion  is given t o  polar iza t ion  phenomena in 
the %ertir_a dealing with the theory of radiowave r e f l e c t i o n  from meteor 
trails [l- 61, The experimental inves t iga t ions  in taat regizlii t~ixerz?, 
first of a l l ,  the  measurements of cor re la t ions  of meteor radioecho signal 
amplitudes, The observations of resonance phase s h i f t s  a t  coherent measu- 
r e m e n t s  [7] suffered from superimposition of d i f f r ac t ion  and wind e f f ec t s .  
Di rec t  comparison of signal phases i n  crossed antennas wi th  the help of 
phase technique has allowed us t o  separate t h e  polar iza t ion  phenomena 
~- _ _  

ISPOL'ZOVANIYE FRZOVOY T Z H I ? I K I  DLYA IZUCHENIYA POLYARIZATSIONRYKH 
YAVLENIY PRI OTRAZHElJII RADIOVOLN OT PBTEOR-hiYKH SI;EDOV. 
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from those of d i f f r ac t ion  and wind, and to observe the  polar iza t ion  
phase s h i f t s  in a l l  types of re f lec t ions ,  independently from t h e i r  

duration. 

1. ORIEXTATIOH OF A ME!CEOR TRAIL RELATIVE TO ANTENNA SYSTEM 

The expression, presented i n  reference [43 for electromotive 
forces  (Emf) induced in crossed antennas, generalieed t o  the case of arbi-  
t r a r y  polar iza t ion  of emitted signals, can be wr i t ten  in the  form 

where E, a d  E are the rad ia ted  f i e l d  components, a is the angle between 
the meteor t r a i l  and the  axis x ( the  axes of coordinates being parallel  t o  

rece iv inp  antennas), m is anplitude r a t i o  of the  perpendicular and p a r a l l e l  
comDonents of the  signal re f lec ted  from the meteor trail in the  case when 
the  correspond5.ng incident  wave components are equal, 9 is the  phase dif- 
ference between the  perpendicular and t h e  p a r a l l e l  components of the  s i g n a l  
on the  condition t h a t  i r r ad ia t ion  tcikes place in phase. It is assumed t h a t  
t he  r e f l ec t ion  point l i e s  on the  a x i s  z of the coordinate system; K is 
a f a c t o r  proportional t o  the re f lec t ion  f a c t o r  (general ly  speaking, K = K ( t ) ) ,  

Y 

A t  t r a i l  i r r a d i a t i o n  by l inearly-polarized waves [4], t he  pola- 
r i z a t i o n  r a t i o  of signals, r e f l ec t ed ' f ron  the meteor t r a i l  and induced in 

sipals' crossed antennas will be 
IL = , El. ~ , E:, . 

the  phase difference between E, and E is 
. ,  

Y 
f3 = a:;:,.; - arg E;?. (4) 

'' we ~ I V ~ ~ ~ -  -l-++na in ___ Pi?. 1 the q q h e  of n ( t )  and 8 ( t )  dependence at 
various q, according t o  forculas  (31, (4) and the theo re t i ca l  curves In(%.> 

and v ( t ) ,  which are brought out in the  Kaizer work [3] f o r  resonance 
re f lec t ions .  

A t  c i r c u l a r  polar izat ion inc ident  upon the  ware trail Ey=E,e'"82 . 
Correspondingly, the dependences n ( t )  and 0 ( t )  at v a i o u s  Q, p lo t t ed  
wi th  the a i d  of (21, ( 3 )  f o r  the case Ey=E,e'x':2 and the t h e o r e t i c a l  curves 

by Kaizer * [3] m ( t )  and Q (t), are shown i n  Zie;. 2, 
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Therefore, dependinc upon the polariaation of the transmitting 
antenna, the e f fec t  of meteor t r a i l  orientation relat ive to receiving 
vibrators i s  found to  be essential ly  different and has t o  be taken into 
account when conducting polarization measurements. 

,- I 

Fig. 2 

The case, when the vector of polarixzt ion i s  paral le l  to  one of 
the measuring antennas, w i l l  be considered below. 



2. A P P A X A T U S  . - - -  -._-- 

I4easuremen-k were conducted a t  the meteoric s t a t i o n  described 

i n  [81. A t r a n s n i t t e r  of 120 kw i n  impulse p w e r  operated i n  t he  fre- 
quency of 33.5 mc/s on a feebly-direct ional  antenna with c i r c u l a r  pola- 
r i z a t i o n  (two crossed loop-type v i b r a t o r s l a t  0.35 h height above ground). 

Two i d e n t i c a l  rece iv ing  v ib ra to r s  were switched t o  phasometric device 
input  through antenna am~lifiers.  The received sign-als  w e r e  r eg i s t e red  
by a photoindicator i n  the fora of tw vectors,  one of which being the  
refer-ence and tile Dosition of the second determining the  phase co r re l a t ion  
searched for. Zesides, o2e of the measiiring vector’s  coordinates w a s  re- 
* I  mistered as a ?unction of time and the  distance t o  the  meteor trail was 

a l so  r e r i s t e r e d ,  zlonyside v i t h  the amplitude polar iza t ion  r a t i o .  An 
exayple of r eT i s t rn t io9  of resonance r e f l e c t i o n  f o r  a t ransl t ional- type 
tr35.l i s  shown i n  2ig. 3 .  

Pi:-. 3. 
. .  -. 

i ’ 2 7 . L ‘  aa--a p r e z e r k d  ir! the current  work r e f e r  t o  observations 
c a r r i e c  out  i n  June 1962. ?he ex?erineiit,?l mzter ia l  includes nainlg the  
sporadic meteors, thourrh the period of observations was p z r t l y  overlzpoing 
with the  t i n e  of ac t ion  of a weak meteor stream f r o r  the cons t e l l a t ion  

Aries. Celow, we skill mainly present a c l a s s i f i c a t i o n  of the  observations 
of the  events  and t h e i r  coaparisor: with the  e x i s t i n g  theories .  
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3. RESO-NANC E E F F E C T S  

From 2465 r e f l ec t ions  reg is te red  during t he  observation time, 
1063 f a i l e d  t o  reveal  any phase var ia t ion for the r e g i s t r a t i o n  time and 
w e r e  c l a s s i f i e d  as r e f l ec t ions  from underdense trails. O f  the remaining 

1396 re f l ec t ions ,  having revealed, one way o r  another, po lar iza t ion  pro- 
per t i e s ,  720 w e r e  re fe r red  by the form of t h e i r  time-amplitude charac te r i s -  
t i c  t o  r e f l e c t i o n s  from overdense trails .  Eere belong a l s o  the  "nonspecular" 
r e f l ec t ions  from overdense trails. 

Inasmuch as, on the one hand, i t  is inpossible  t o  separate  r e l i a b l y  
the  underdense trails from those only feebly overdense according t o  t he  
form of the amplitude character i&ic,  and, on the o ther  hand, judging the  
marnitudes of phase va r i z t ions  and the  times of t h e i r  manifestation accord- 
i ng  t o  t h e o r e t i c a l  predictions,  there is no e s s e n t i a l  difference between 
plasma resonnnce in underdense trails and the  resonance-type phenomena in 
a metal l ic  cylinder,  we d i d  not take any spec ia l  measure f o r  ca re fu l  sepa- 

r a t ion  of these two forms of resonance phenomena, so r t ing  f o r  analysis all 
the  cases when the  phase ro ta t ion  can be observed a t  the i n i t i a l  stage of 
re f lec t ion .  That is why a small number of r e f l e c t i o n s  from feebly overdense 
t r a i l s  were added t o  the 676 r e f l ec t ions  sorted f o r  analysis. 

The maxisnum ro t a t ion  angle of the  measurement vector of t he  phaso- 
meter and t h e  time, over which the process of phase s e t t l i n g  ended, w e r e  
estimated. The d i s t r ibu t ion  of the observed magnitudes of phase va r i a t ions  
is plo t ted  in Fig.4a. For t h e  sake of conpa-ison w e  p lo t ted  by dashes the  
r e s u l t s  obtained i n  t h e  work [7]. In  our case the  d i s t r ibu t ion  marixmun 
has been s h i f t e d  by 20' toward the s ide  of small  angles, while the  max imum 
ebservahle values  are i d e n t i c a l  (N120°).  The p o s s i b i l i t i e s  of lowering 
our r e s u l t s  of measurements a r e  l inked only with the  presence 02 lag h the 

commencement of r eg i s t r a t ion  by a time of the order of 10 asec; t h i s ,  
however, does not explain the  observed discrepancy. 

We p lo t t ed  i n  Fip. 46 the time d i s t r ibu t ion  from the  beginning of 
echo t o  the  times a t  which the phase va r i a t ion  ended, comparing them with 

t h s  r e s u l t s  of [7](dashed histogram). (The la t ter  were pre l iminar i ly  sum- 
med up by 0.02 sec. i n t e rvz l s ) .  



It may be seen from t h i s  diagram t h a t  the  time scale of our 

d i s t r ibu t ion  is s t re tched  by about t h ree  times if we compare i t  t o  C73. 
I n  order t o  estimate the  contribution t o  t h i s  d i s t r ibu t ion  t h a t  may be 
made by t he  nonrecognieed feebly-overdense trails ,  we  s t r e s sed  the  reflec- 
t i ons  with ind ices  of overdensity by shading the respect ive p a r t s  of the  
histogram of Fig, 4 d 1. 

Fig. 4. 

It w a s  found, t h a t  the  resonance durdtion increase is l inked 
with the  t r a n s i t i o n  t o  denser trail. Th i s  r e s u l t  is in contradiction 
with the  theo re t i ca l  computation of [l], based upon the  llmetallicl* 
model of an overdense t ra i l ,  according t o  which the ~sso=zzce t.tme 2s 

c u r t a i l e d  as the e lec t ron  density increases. 

Examples of observed phase var ia t ions  are brought out in Fig, 5. 
The instantaneous phase cor re la t ions  were measured on a s l i d i n g  scale 

with i e r o  a t  the end o f  re f lec t ion ,  and  brought out  for every meteor with 
t h e  x -  and y-components of the amplitude of the  r e f l ec t ed  signal. 
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The first three examples a, 6, e ,  
The extremes at the b e g h n i n g  of cer ta in  phase-time r e g i s t r a t i o n s  are 

probably conditioned by trail axiS ro t a t ion  r e l a t i v e  t o  antenna s y s t e m  

are underdense trails with resonance. 

Fig. 5. 

!_pee P i g + 2 ) .  The cases r and Amay be referred t o  re f lec t iona  from 
feebly-overdense trails  (amDlitude rise a f t e r  the first maxim- of the  
d i f f r a c t i o n  pattern);  however, the character of phase differenue varia- 
tion in time remains as formerly, t h a t  is continuous ro t a t ion  in the  
course of nearly the  e n t i r e  echo. The overdensity is s t i l l  more strongly 
expressed in the case 2, 
var ia t ion  of phase is slowed down and i t  changes the d i rec t ion  only toward 
the  end of ref lect ion.  

and especial ly  in the case J@; however, the - 
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I n  the last case the resonance duration can no longer be explained 

from the viewpoL7t of resonance on a meta l l ic  cylinder. If we consider t h a t  
the ltmetallicll resonance must cease when (2F /a) rc = 1 (rc being the cri- 
t i c a l  radius  of the trail) [3], t h e  r e~onance  time is 

Here r*t 

being the  diffusion radius  and r,, 
is the smallest  of the two solut ions of the equation f o r  rt (rt 

the i n i t i a l  radius)  : 

( the  expression f o r  r , i s  taken f o r  t h e  Gaussian d i s t r i b u t i o n  of e l ec t rons  
along the rad ius  of the trail). 

It follows from ( 6 )  t h a t  the maximum resonance duration is near 
0.15 sec f o r  the feebly-overdense echoes from t h e  height of 80 Ism; (r (h) H 
and D (h) were borrowed from [ 9 ]  1. For the  case brought up in Fig, 5 6 ,  
h rv 90 km and u & 4 lou electron. c m - l  and, consequently, the "metallic" 
resonance of such an echo must be !'CGI;̂  ,..edecl" by the i n i t i a l  radius  of the 
trail (note t h a t  the  phase jump i n  Fig. 5k coincides with the period of 
destruct ion of the overdense t r a i l ) .  

The above-enumerated pecu l i a r i t i e s  in the  behavior of the po la r i t a -  
t i o n  cor re la t ion  of phase6 f o r  t r ans i t i ona l  t r a i l s  are not  unexpected. 
The incomprehensible behaviot? of the polar izat ion cor re la t ion  of amplitudes 
in t r a n s i t i o n a l  trails w a s  already noted in the works 14, 61. All the  above- 
s d d  all=?,a t a  conclude t h a t  the theory of po lar iza t ion  phenomena in over- 
dense trails ,  constracted - the assunption of llmetaiiicz S t G i k X  of z!etanr 
trail, does not explain the observed phenomena, at l e a s t  in the region of 

t r a n s i t i o n a l  trails, 
For the completeness of the  c l a s s i f i c a t i o n  of the  observed polari- 

ca t ion  phenomena we brought upin Figs. 5 n  and n t he  typ ica l  exnmples of 
polar iea t ion  fading, which is the r e s u l t  of t ra i l  axis ro t a t ion  r e l a t i v e  t o  
antennas (see the case6 of increase of po lar iza t ion  r a t i o  in Fig.2 ). 



5. IDEATIFICATION OF POLARIZATION PHFJ?OMR?A DURING OBS- 
OF METEOR TRAIL DRIFfS 

The po la r i sa t ion  phase ro t a t ions  may overlap the  d r i f t  r o t a t i o n s  
and e n t a i l  e r ro r8  io the measurement of wind velocity,  If a t t e n t i o n  may 
be drawn t o  the sharp shor t l ived  phaee r o t a t i o n s  by the disrPpt ion of 
r e g u l a r i t y  i n  the behavior of the phase- the  cha rac t e r i s t i c ,  t he  smooth 
and durable po la r i sa t ion  va r i a t ionso fphase  uan not, as a rule,be dis- 
t inguished from the dr i f t  var ia t ions.  To resolve the  problem of effective 
detect ion of po lar i sa t ion  phenomena at  measurement of Doppler frequency 
s h i f t 6  it is possible  t o  m e  use of the link6 between the  amplitade- 
temporal and the  phase-temporal c h a r a c t e r i s t i c s  of r e f l e c t i o n s  received 
on crossed v ibra tors ,  

Let 96 still consider a case, when the  p o l a r i t a t i o n  vector of 
t he  t ransmi t t ing  antenna is parallel t o  one of t he  receiving vibrators .  
Assuming in (1) and (2) E7= 0,  we have 

(7) 

(8) 

IFx I = Kjcos' E + m? sin' 7 + ?rn cos? 'I sin? 'I cos q]T@; 

1 F I - K sin z cos a11 + m? - 2nt cos G ] ' P .  r t -  

W e  p l o t t e d  in Fig, 6a the graph of dependences IS:! ICo1 

on time for various EL; i t  may be eeen from them, tha t  the  s igna l  in the  

y-antenna appears only at time of resonance, when the  r e f l e c t e d  wave irr 

polar i sed  e l l i p t i c a l l y .  
Let two i d e n t i c a l  independent receiving device6 be switched 

t o  x- and y-antennae, of which one e n t e r s  in the  wind apparatw o u t f i t .  
Assume ?fiat %he z i p d s  from the amplitude de tec tor  of the  main uhannel 

and lE>lK-l 

are fed  o t  X-, and from the complementary channel - t o  the Y- 
p l a t e s  of t he  osci l lographic  indicator ,  These signals w i l l  de f l ec t  t h e  
ray of the  osci l lograph by an angle q( t> = arc ootg n ( t )  t o  the  ads x ,  
which will vary with time correspondingly with the va r i a t ion  of the  pola- 
r i a a t i o n  correlation of phases,darkeaing of the film's c e r t a i n  s e c t o r  
w i t h  apec i f l c  angular dimensions, The character  of t h i s  va r i a t ion  is 

i l l u s t r a t e d  by the  graphs i n  Fig. 6 6  from which it follows, t h a t  the  
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method here described has the g rea t e s t  s e n s i t i v i t y  at a = 45O ( q- P 650). 
However, even a t  A = loo 
e a s i l y  noticed. 

and dc = 80°, 'y,,, exceeds 1 5 O ,  which may be 

In the c-e when a = 0 o r  a= n/ 2, the polar iza t ion  e f f e c t s  can 

no longer  be revealed by tha t  method; however, the danger is in fact present  
only f o r  the case a = R/ 2, for ai; iz = C onXy the 11~onre6~nan~e11  component 
of the f i e l d ,  p a r a l l e l  t o  t h e  meteor trail, is responsible f o r  the reflec- 
t ion .  (See D]). Considering t h a t  the proposed method is l n s e n t i v i t i v e  

in the region Q =  Jr/2 2 &-, where k minz loo, we s h a l l  obtain f o r  
equal ly  probable t ra i l  or ien ta t ions  a n ins ty  percent (9096) probab i l i t y  that 
t h e  polar iza t ion  phenomena w i l l  be excluded. When using d i rec t iona l  antennae 

with v e r t i c a l  po lar iza t ion ,  the r e l i a b i l i t y  of detect ion w i l l  increase,  for ,  
because of absence of trails p a r a l l e l  t o  horizon, the case13 a =  x / 2 a r e  of 
li t t l e  probabi l i ty  . 



For s u f f i c i e n t l y  la rge  diameters of meteor trails the anisotropy 
l inked with the difference in the  curvature radii of the  r e f l e c t i n g  re- 
gion decreaees and, i t  seems t h a t  the polar izat ion e f f e c t s  must vanish. 
However, the first observations have already shown t h a t  the  overdense 
trails preserve t h e i r  anisotropic  propert ies  during t e n s  of seconds 
c h s a c t e r  of phase difference f luctuat ions,  beginning together with the  
fadings and l a s t i n g  during the en t i r e  echo, point t o  subs t an t i a l  d i f fe renaes  
in polar izat ion proper t ies  along the trail length. 

The 

63 r e f l e c t i o n s  were sorted with duration of more t - a n  2 seconds, 
t h a t  could be c l a s s i f i e d  as specular. rhe phase va r i a t ions  were r eg i s t e red  
during 0.3 sec a t  2 second in t e rva l s .  The i n i t i a l  and final pos i t ions  of 
the neasurement vector were considered, in fact,- two independent 
readings. These were conducted from the value of phase difference at  the  
bepinning of echo. 

We plo t ted  i n  F i g . 7 t h e  general d i s t r ibu t ion  of the phase d i f f e r -  
ences so regis tered.  The d is t r ibu t ion  i s  asymmetrical: one-sign r o t a t i o n s  
prevail, though from the standpoint of possible or i en ta t ions  of the  trails 
i%s x- and 7- antennas a r e  perfect ly  equal. 'lirfs, z p s r e n t l y ,  +S evidence 
t h a t  in l a s t i n g  r e f l ec t ions  the anisotropy is not conditioned b: the  orl- 
enta t ion  of the trail. 

The d i s t r ibu t ion  of the range of phase osc i l l a t ions ,  linked with 

amplitude f luc tua t ions  (Fig.7 ), shows t h a t  the difference i n  the polar isa-  
t i o n  propert ies  along the trail may reach 70' along phase. It w a s  not pos- 
s ib l e  t o  t race  any sharp dependence between the phase aad time f lnctua-  
t ione.  In  F i g . 8 a  we brought out e t s z a c t e r i s t i c  examples of average phase 
var ia t ion  (during r eg i s t r a t ion  time) for 5 r e f l e c t i o a s , I t  may be seen from 
t h a t  f i p r e  t h a t ,  alongside w i t h  cases of obvious r ise in phase difference,  
there  a re  observed e:ramples of more complex behavior. A certai;? rise of 

the average phase difference,  r e l a t i v e  t o  the whole, can be seen as a func- 
t i o n  of time, i n  FiT. 8 d . 
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It is necessary t o  note that  the above-enumerated polar iza t ion  
proper t ies  of prolonged r e f l ec t ions  were obviously manifest i n  t he  expe- 
riments by B i l l a m  and  Browne [ 4 ] ,  who noted var ia t ions  of t h e  polariza- 
t i o n  r a t i o  during deep fadings of t he  r e f l ec t ed  signal. According t o  [4], 
t u rns  up t o  40° can be observed in the polar iza t ion  planes at the expense 
of ion iea t ion  in the  D-layer when radar loca t ion  of meteors is done, 
However, t o  explain the observed effects, i t  is necessary t o  assume t h a t  
a phase difference of such, and higher order, must assure the fluctua- 
t i o n s  of e lectron densi ty  over a length of the order  of 1 + 5 b  (cha- 
r a c t e r i s t i c  distarce between r e f l e c t i n g  centers  i f  the f l r c t u a t i n g  meteor 
re f lec t ion) .  Moreover, the influence of ionieed l aye r s  has a sharply ex- 

pressed d a i l y  course;however, the subdivision of the ava i leb le  experi- 
mental mater ia l  i n t o  night  and daytime d id  not permit t o  r evea l  any d i f -  

ference i n  the  polar iza t ion  properties.  

I 
50 i 

Fig .  8 
- -  

The dual r e f r ac t ion  in the externa l  parts of the trail can 

be estimated from the standpoint of phase r o t a t i o n  by the  cor re la t ion  



Bere  vi= UO. provided ato ~.< 1 - ZL,, and  

current  radius of the  ionized trail; is the r a t i o  of the resonanee 
frequency of the ionized plasma t o  the operat ional  frequency; u o i 6  the  
r a t i o  of the squares of e lec t ron  gyrofrequency t o  opera t iona l  frequency, 
It is assumed t h a t  the magnetic f i e l d  vector is perpendicular t o  the  propa- 
gation d i r ec t ion  

= 1, if 1 - 11, <' v,, -: 1 : r is t he  

and coincide6 with the  polar iza t ion  vector of one of 
the receiving 
tra'il  we have 

antennas. For the  Gaussian d i s t r i b u t i o n  of electrone in t he  

where a is the linear density of e l ec t rons ,+  3.8 the  operat ional  frequency 

Gt = $E + 4Dt,  D 
el*om"' , 

9 = 33.5 mc/s, D = 6 9 10 c m  .seco1, h e 9 5  + u)o km, we s h a l l  obtain 
?hat 4,56econds after the  beginning of r e f l e c t i o n  8 may attain 5.70. 
This is nearly by one order  less than the  values measured by us. 

being the diffusion coeff ic ient .  
Conducting the  numerical in tegra t ion  of ( 9 )  f o r  a = 

4 2  

Therefore, the r e s u l t s  of the  experiments, presented above, can 
only agree with the hypothesis of magnetic r o t a t i o n  on t h e  b a s i s  of a 
subs t an t i a l ly  looser  or more friable model of overdense trail 
assumed in [l]. It is possible  tha t  

we may have t o  involve again the turbulent  d i f fus ion  [ll], or else, consi- 
der  from tha t  viewpoint t he  inhomogenous rlflaresfl of weak u l t r a v i o l e t  ion- 
i z a t i o n  aiong the t r e l ;  In any case, the asymmetry of the d i s t r ibu t ion  in 
Fig.7a and a ce r t a in  increase of polar iza t ion  e f f e c t s  with time csiiil;~?. 

t o  seek the cause of anisotropy in the  e f f e c t  of the E a r t h ' s  magnetic f i e l d ,  

than ua8 
order t o  explain the  observed effects 
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